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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S364attention has been focussed on the intervening tissue, articular calciﬁed
cartilage (ACC). The ultrastructure and cell biology of ACC is poorly
described and it is not known to what extent it is involved as in the
initiation and progression of OA. Examination of ACC by high quality
light microscopy revealed the presence of distinct morphological fea-
tures around the chondrocytes in the calciﬁed cartilage of mice. This
prompted us to undertake a transmission electron microscopy (TEM)
study of ACC in wild type (WT) mice and in mice with genetic or
environmentally-induced OA to identify changes whichmay further our
understanding of the role played by ACC in the early stages of OA.
Methods: Aged WT and OA mice were sacriﬁced, their knee’s ﬁxed in
either PBFS or glutaraldehyde for 24 hours, and decalciﬁed for 7 days in
EDTA. Samples underwent routine TEM processing, sectioning with an
ultramicrotome, and post-staining with uranyl acetate and lead citrate.
Results: In both WT and OA mice, we identiﬁed the appearance of
concentric lamellae surrounding chondrocytes in ACC. The lamellae
appeared to be laid down in association with the advancing tidemark
indicating that they are formed during the calciﬁcation of cartilage
matrix. These lamellar structures were present around hypertrophic
chondrocytes in the deeper zones of ACC but were also observed in
association with viable chondrocytes towards the calciﬁcation front,
where some chondrons appeared to be partially engulfed by lamellae.
The number of lamellae per chondron varied between 5 and 20.
Quantitative analysis revealed that there was an increase of lamellae
with age and that there were more in degenerating joints. The com-
position of the lamellae has not been elucidated but collagen ﬁbres
could be detected.Figure 1. TEM photomicrograph depicting (A) a hypertrophic chondron
located deep in the articular calciﬁed cartilage surrounded by concentric
lamellae. (B) Higher magniﬁcation shows the presence of a large number
of these lamella laid down in a periodic-like manner around the cell.Conclusions: We describe the presence of concentric lamellae in ACC.
These novel structures appear to play a role in mineralisation and they
may be related to the lamellae detected using SEM by Hirotani et al in
1974. Those authors proposed the existence of a lamellar system around
chondrocytes in the deep matrix of the articular cartilage in patients
with secondary OA, but other than that this is a novel ﬁnding in ACC.
The association with mineralisation and the advancement of the tide-
mark, and their greater abundance in OA indicate that the formation of
these lamellae might be important in the pathogenesis of OA since
thinning of the ACC due to advancing mineralisation is reported to be a
characteristic of joints undergoing osteoarthritic degeneration. Studies
are ongoing to determine the periodicity of the lamellae. Identiﬁcation
of the mechanism by how the lamellae are formed should provide a
better understanding of the function and regulation of ACC, and its role
in the initiation and progression of OA.
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REDUCING DIETARY LOADING DECREASES MOUSE
TEMPOROMANDIBULAR JOINT DEGRADATION INDUCED BY
ANTERIOR CROSSBITE PROSTHESIS
Y. Liu y, L. Liao y, H. Zhang y, L. Lu y, K. Jiao y, M. Zhang y, J. Zhang y,
J. He y, Y. Wu z, D. Chen x, M. Wang y. yColl. of Somatology, Fourth MIlitary
Med. Univ., Xi’an, China; zXijing Hosp., Fourth MIlitary Med. Univ., Xi’an,
China; xDept. of Biochemistry, Rush Univ. Med. Ctr., Chicago, IL, USA
Purpose: Loading on temporomandibular joint (TMJ) originates from
the contraction of jaw-closing muscles. Variations in food properties,
such as volume or hardness, will initiate different levels of masti-
catory muscle contraction via periodontal-muscular reﬂex, leading
to differences in levels of occlusal force and TMJ loading. Soft dietwill cause growing rats a thinning cartilage, enhanced cartilage
catabolic activity and decreased subchondral bone volume fraction
in condyles. Aberrant biomechanical stimulation from abnormal
dental occlusion plays an important role in TMJ osteoarthritis (OA)
development. Incisors of rodent animals function more than other
teeth because when a rodent catches or cuts foods they used to
move the mandible in the sagittal direction following the incisal
guidance. Unilateral anterior crossbite prosthesis will heavily inter-
fere with this function because the totally opposite guidances will be
provided by the normal incisor pair and the crossbite incisor pair
while the TMJ can support only one pattern of them at the same
time. A small-size diet may diminish the requirement of the cutting
function of incisors, and thus may reduce the harmful biomechanical
stimulation from the anterior crossbite prosthesis. Hence, in the
present study, we exposed the mice that received the unilateral
anterior crossbite prosthesis to a small-size versus a large-size diet.
The aim was to test whether mice receiving soft diet have a
decreased TMJ degradation induced by the unilateral anterior
crossbite prosthesis using our reported methods.
Methods: Forty 6-week-old female C57BL/6J mice were randomly
divided into two experimental and two control groups (n ¼ 10), one
experimental and one control group received small-size diet, less
than 3mm thick and the other two groups received large-size diet,
about 12.5mm in diameter and 15-20mm in length. For experimental
groups, metal tubes made of pinheads were bonded onto the mouse
left maxillary and mandibular incisors to create unilateral anterior
crossbite relationship. For the control groups, the mice underwent
the similar procedures but no metal tubes were bonded. No differ-
ences in degrading changes were found between the left side and
right side TMJs in the experimental mice as we reported. Left side
TMJ tissue blocks from six mice of each group were ﬁxed, decalciﬁed
and embedded in parafﬁn. Sagittal sections were prepared for
Hematoxylin & Eosin (H-E) staining, toluidine blue staining, Safranin
O staining, tartrate-resistant acid phosphatase (TRAP) staining and
immunohistochemical staining of Collagen II, OPG and RANKL. For
each group, the condylar cartilages and subchondral bones of the
other 14 TMJs were respectively separated and preserved at -80C.
Four to ﬁve condyles from 3 or 4 different mice were pooled to create
a single sample of the cartilage or subchondral bone respectively for
RNA extraction to compare the mRNA expression levels of Col2a1,
Aggrecan, ADAMTS-5, RANK, OPG, RANKL. Differences were set at
0.05 level (a¼0.05).
Results: Thinner and degraded cartilage, reduced cartilage cellular
density, decrease in toluidine blue staining (reﬂecting reduced pro-
teoglycan levels) in cartilage, decreased expression levels of Collagen II
and Aggrecan, loss of subchondral bone assessed by histomorphometry,
and enhanced osteoclast activity were observed in both experimental
groups. However, the cartilage degradation phenotype was less severe
and cartilage ADAMTS-5 mRNA was lower while OPG/RANKL ratio in
both cartilage and subchondral bone was higher in the small-size diet
than the large-size experimental group. In contrast, no differences of
histomorphology and OPG/RNAKL expression were found in the two
control groups.
Conclusions: The current ﬁndings suggest that a lower level of func-
tional loading by providing small-size diet could reduce TMJ degrada-
tion induced by the biomechanical stimulation from abnormal
occlusion.
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HYDROGEN SULFIDE DONORS REDUCE IL1b INDUCED CATABOLISM
IN HUMAN ARTICULAR CARTILAGE
A. Vela-Anero y,z, E.F. Burguera z,x, L. Gato-Calvo z, R. Meijide-Failde y,
F.J. Blanco z,x. yCell Therapy and Regenerative Med. Group, Dept. of Med.,
Univ. of A Coru~na, A Coru~na, Spain; zCiber of Bioengineering, Biomaterials
and Nanomedicine (CIBER-BBN), Tissue Engineering and Cellular Therapy
Group (CBTTC-CHUAC), A Coru~na, Spain; xRheumatology Div., INIBIC-
Hosp. Univ.rio A Coru~na, A Coru~na, Spain
Purpose: Hydrogen sulﬁde (H2S) is a gasotransmitter that has shown
promise as a tissue protectant in several pathology models. We have
previously shown that hydrogen sulﬁde (H2S) donors can reduce
inﬂammatory and catabolic markers on IL1b-stimulted OA chon-
drocytes. Here the objective was to evaluate the ability of the same
exogenous H2S sources, NaHS and GYY4137, to reverse catabolic events
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S365induced by stimulation with IL1b on human normal and osteoarthritic
articular cartilage.
Methods: Human articular cartilage was donated by patients under-
going hip or knee replacement surgery. Tissue was cut with a biopsy
punch obtaining disks of 4 mm of diameter and approximately 2-3 mm
height. Cartilage disks were kept in DMEM supplemented with 10% FBS,
1% P/S and stimulated with 5 ng/ml of IL1b (except for the control
condition) and either 200 or 1000 mMof NaHS or GYY4137 (6 conditions
in total, 2 disks per condition). Media was changed, including stimuli, at
3, 7 and 14 days and stored at -80C. After 14 days, the cartilage disks
were used for either tissue histology (hematoxylin/eosin, H/E; Mason’s
trichrome, MT; safranine-orange, S-O; Alcian blue-PAS, AB-PAS; and
toluidine blue, TB); inmunohistochemistry (chondroitin sulfate, CS;
keratin sulfate, KS; aggrecan, Ag; and matrix metalloproteinase 13,
MMP13) or glycosaminoglycans (GAGs) quantiﬁcation (Blyscan kit)
directly on the collected supernatants and on the recovered tissue disks
after papain digestion.
Results:With H/E, no cell morphology differences were detected. There
was no presence of cell death or damage in any of the tested conditions.
MT stain demonstrated no differences in terms of collagen content.
With the S-O stain a severe loss in sulfated GAGs was evident in the IL1b
condition, particularly in the superﬁcial layer. This was less pronounced
in the 200 mMNaHs and GYY4137 treated conditions, while 1000 mMdid
not seemvery effective in preventing the IL1b effect. A similar trendwas
seen with the TB stain for tissue proteoglycans. With the AB-PAS stain,
the IL1b condition showed loss of both glycopolysaccharides and acid
mucopolysaccharides while the NaHS and GYY4137 conditions lost the
PAS stain (loss of glycopolysaccharides) while keeping the AB stain (acid
mucopolysacharides); 200 mM concentration being better than 1000
mM, for both H2S donors. On the immunohistochemistry, KS positivity
was partially lost on the IL1b condition and both 1000 mM NaHS and
GYY4137 showed the highest levels of positivity together with the basal
condition. Aggrecan positivity was only detected on the basal and 1000
mMH2S donors conditions. And MMP13 positivity was only seen on the
IL1b stimulated tissue. With the GAG quantiﬁcation kit we observed a
marked reduction in the GAGs content on the IL1b treated cartilage
disks, together with an increase in the GAGs released to the super-
natant, with respect to the basal condition. Supplementation with H2S
donors led to both an increase in tissue GAGs content and a reduction in
supernatant GAGs release, respectively. Differences were statistically
signiﬁcant for 1000 mM NaHS and 200 mM GYY4137.
Conclusions: Collectively through tissue histology, immunohis-
tochemistry and biochemical GAGs quantiﬁcation we observed a ben-
eﬁcial and protective effect of H2S donors to preserve matrix
proteoglycans and other structural proteins after IL1b stimulation, by
partially reducing or reversing IL1b-induced loss of matrix components
in cartilage tissue.
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INFRAPATELLAR FAT PAD IN THE KNEE AND ITS ASSOCIATION WITH
CARTILAGE DEFECTS AND BONE MARROW LESIONS
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MC Med. Univ., Rotterdam, Netherlands; zMenzies Res. Inst., Hobart,
Australia
Purpose: Recent studies have emphasized the potential inﬂammatory
role of the infrapatellar fat pad (IPFP) in knee osteoarthritis (OA) and its
potential as a source of pain in an older population. It could therefore be
hypothesized that patients with signs of knee OA, especially of the
patellofemoral joint, could have an increased size of the fat pad com-
pared to patients without knee OA. Therefore, the aim of our study was
to describe the cross-sectional association between IPFP maximum area
and early signs of knee OA in a younger or middle aged study
population.
Methods: Study selection Participants were selected from a case control
study, where half were the adult children (offspring) of patients who
had a knee replacement performed for primary knee OA at any Hobart
hospital in 1996-2000 and half were age-and sex-matched controls
randomly selected from the State Electoral Roll, a comprehensive listing
of the population. 320 Participants, with a mean age of 45,3 (SD 6.5)
years, body mass index (BMI) 27 (SD 6.4) and 59% females were used for
analyses.Data collection and transfer
T1/T2-weighted fat suppressed magnetic resonance imaging was used
to assess IPFP maximum area, cartilage volume, cartilage defects and
bone marrow lesions (BMLs).
Data analyses
Linear and logistic regression analyses were applied to assess the
association between cartilage volume, cartilage defects, BMLs and the
maximum IPFP area. All analyses were adjusted for tibial bone area
(cm2), age, gender, BMI, case control status and associations are
expressed in odds ratio (OR) for dichotomous outcomes and Beta (b) for
continuous outcomes with 95% conﬁdence intervals (95%CI).
Results: Maximum IPFP area was not associated with cartilage volume
in the patella, medial and lateral tibiofemoral sites. The IPFP maximum
area was signiﬁcantly associated with both lateral tibial (OR 0.62, 95%CI
0.43-0.88) and lateral tibiofemoral cartilage defects (OR 0.71, 95%CI
0.51-0.99), but not with medial tibiofemoral cartilage defects (OR 0.82,
95%CI 0.59-1.15). The maximum IPFP area was signiﬁcantly and pos-
itively associated with both the maximum BML area of the inferior (b
0.03, 95%CI 0.002-0.056) and superior patella (b 0.03, 95%CI 0.002-
0.056), but negatively associated with maximal BML area of the lateral
femur (b -0.06, 95%CI -0.13-0.002).
Conclusions: The IPFP maximum area is associated with decreased
lateral tibial cartilage defects and lateral femoral BMLs but increased
patellar BMLs, suggesting that IPFP size may have opposite effects on
structural changes at patellar and tibiofemoral sites in this middle-aged
population. The underlying reasons for these differential effects are
unclear.
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THE BIO-MECHANO-REACTOR: DESIGN AND EVALUATION OF A
NOVEL TOOL FOR OSTEOARTHRITIS RESEARCH
T. Struik, S.C. Mastbergen, F.P. Lafeber. Univ. Med. Ctr. Utrecht, Utrecht,
Netherlands
Purpose: In-vivo as well as in-vitro osteoarthritis studies have their
advantages and disadvantages. A novel ex-vivo/in-vitrowhole joint bio-
mechano-reactor (ﬁgure 1A) allowing individual modulation of multi-
ple biochemical and biomechanical conditions in a whole canine stiﬂe
joint was developed and evaluated. The joint without muscle tissues
but with intact bone-cartilage interface, including ligaments, is trans-
ferred to the device providing a controllable mechanical and biological
environment. The present study describes the ﬁrst prototype validating
feasibility of biochemical and biomechanical conditions for whole joint
culturing.
Methods: Using healthy canine stiﬂe joints, experiments were per-
formed to validate the joint isolation protocol (n ¼ 3) and assess the
feasibility of whole joint culture in a custom made bioreactor (ﬁgure
1B). Proteoglycan (PG) turnover (synthesis, release, and content)
determined by 35sulphate incorporation and Alcian Blue analysis was
used as read out. Contralateral cartilage was immediately harvested,
cultured in vitro and used as control samples. Furthermore, tibio-fem-
oral kinematics (VisualEyez 3D, PhoeniX Technologies Inc, Burnaby,
Canada), intra-articular contact pressures (ﬁgure 1C, Fuji Prescale ﬁlm,
Fujiﬁlm, Valhalla, NY) and external joint loads to provide kinematics as
present in vivo (n ¼ 6) were evaluated.
Results: Isolation procedures (table 1A) demonstrated a non-disturbed
PG turnover relative to their in vitro cultured control samples. Static
whole joint culture (table 1B) revealed a lower PG synthesis rate
(2.91.3 vs 15.32.1, p < 0.001) but no change in release or content
compared to the in vitro culture. When analyzed in more detail, sam-
ples harvested from the locations with full medium contact during
bioreactor culture showed a 75% lower PG-synthesis rate and a 90%
lower rate of the samples without medium contact compared to the
samples harvested from similar locations cultured in the in vitro setup.
No contaminations due to isolation were experienced. Joint kinematics
were not inﬂuenced by additional axial loads, but a cyclically applied
torque of 0.03-0.04 Nm/kg at the tibial side was found to be needed to
simulate quadriceps contraction during gait. Quasi-static contact pres-
sure measurements demonstrated that a limited medial torque (0.02
Nm/kg) was sufﬁcient to approach physiological contact pressures.
Conclusions: Whole joint culturing is feasible with current setup,
although PG synthesis is decreased, which probably is a reﬂection of the
